withdrawal. More precisely, patients who had dose reduction or early therapy withdrawal within 30 days of lenvatinib treatment were significantly lighter (median weight, 54.1 vs. 67.6 kg) and had a significantly higher minimum plasma concentration of lenvatinib (trough concentration [C1D15C trough ], 62.4 vs. 33.9 ng/mL; Fig. 1 ).
Pharmacokinetics of Lenvatinib and Rationale for Weight-Based Dosing in HCC Patients

Relationship between Body Weight and Plasma Level of Lenvatinib in HCC Patients
Following the phase I and II studies, population pharmacokinetics was analyzed in 65 HCC patients enrolled in these trials and in 155 patients with solid cancer and 232 healthy individuals enrolled in other clinical studies [15] . A relationship between body weight and plasma lenvatinib level (represented by the area under the blood concentration-time curve [AUC]) was detected, indicating that exposure to lenvatinib increased as body weight decreased ( Fig. 2 ) . This trend was more prominent in HCC patients than in patients with other types of solid cancer, suggesting that this relationship particularly impacts HCC patients.
Relationship between the Pharmacokinetics of Lenvatinib and Dose Reduction or Withdrawal in HCC Patients
Forty-five patients enrolled in trials for HCC treatment were grouped into a low AUC group (<2,050 ng × h/mL), intermediate AUC group (>2,050 ng × h/mL, ≤ 2,750 ng × h/mL), and high AUC group (>2,750 ng × h/mL) to examine the relationship between AUC and time to dose reduction or withdrawal of lenvatinib. Kaplan-Meier plots clearly showed that time to dose reduction or withdrawal decreased as AUC increased ( Fig. 3 a) . Body weight was also related to time to dose reduction or withdrawal; time to dose reduction or withdrawal decreased as body weight decreased, demonstrating that dose reduction or withdrawal is required earlier in lighter patients than in heavier patients ( Fig. 3 b) . 
Optimal Body Weight and AUC Cutoff Value for Lenvatinib Adjustment in HCC Treatment
Strong correlations between lenvatinib withdrawal, blood concentration (AUC), and body weight indicated that dose adjustment by body weight and AUC may improve the safety of lenvatinib in the treatment of patients with HCC. Sensitivity and specificity values for predicting early occurrence (within 30 days after the start of therapy) of dose reduction and withdrawal using each body weight cutoff value were calculated to draw receiver operating characteristic (ROC) curves ( Fig. 4 a) . The optimal body weight cutoff value (the point at which the distance between the top-left corner of the graph and the ROC is smallest) that most effectively distinguished the high-risk group for early withdrawal or dose reduction of lenvatinib was 57.8 kg, with a sensitivity of 0.77 and a specificity of 0.67 (false-positive rate, 0.33). Similarly, the best AUC cutoff value was 2,430 ng × h/mL with a sensitivity of 0.71 and a specificity of 0.71 (false-positive rate, 0.29) ( Fig. 4 b) .
Significance of Maintaining the AUC within a Certain Range and Dose Adjustment in HCC Treatment with Lenvatinib
The AUC was better for predicting early withdrawal or dose reduction of lenvatinib than other factors such as sex, body weight, age, liver function, platelet count, Eastern Cooperative Oncology Group performance status, Child-Pugh class, hepatitis viral status, portal vein tumor thrombus, prior chemotherapy, prior antihypertensive therapy, and prior surgery. An AUC probability curve ( Fig. 5 ) can predict early withdrawal or dose reduction of lenvatinib. Consequently, the AUC needs to be maintained below a certain level to reduce the occurrence of early withdrawal or dose reduction; for example, lenvatinib dose adjustment to maintain the AUC value below the optimal cutoff (2,430 ng × h/mL) may be recommended.
Based on the findings that the optimal body weight cutoff for a similar prediction was 57.8 kg, the predicted AUC values for weight-based dosing (daily dose of 12 or 8 mg in patients with a body weight ≥ 60 or <60 kg, respectively) were calculated and plotted against body weight ( Fig. 6 ) . The predicted AUC values were in the range of 1,540-2,050 ng × h/mL in patients with a body weight <60 kg, and 1,410-2,310 ng × h/mL in those with a body weight ≥ 60 kg. These AUC ranges were quite similar and lower than 2,430 ng × h/mL in both body weight categories, indicating that this weight-based dose adjustment may efficiently reduce early withdrawal and dose reduction of lenvatinib.
Relationship between the AUC and Efficacy in HCC Treatment with Lenvatinib
Because the lenvatinib dose adjustment to reduce the AUC could impair efficacy, patients enrolled in the phase II trial testing an initial daily dose of 12 mg were grouped into a low AUC group (<2,050 ng × h/mL), an intermediate AUC group (>2,050 ng × h/mL, ≤ 2,750 ng × h/mL), and a high AUC group (>2,750 ng × h/mL) to examine a relationship between AUC and efficacy. There was no trend in time-to-progression (TTP) among the three groups ( Fig. 7 ), suggesting that a certain level of efficacy can be maintained even when the AUC is small. 
Results of the Phase III REFLECT Trial
The results of the REFLECT trial, a phase III study of lenvatinib, were presented at the ASCO annual meeting on June 4, 2017.
Patients with unresectable HCC who had not received systemic chemotherapy were randomized in a 1: 1 ratio. Treatment was continued until disease progression or onset of an unacceptable adverse event. The primary endpoint was noninferiority in OS with a predefined noninferiority margin of 1.08. Secondary endpoints were progression-free survival (PFS), TTP, objective response rate (ORR), and safety ( Fig. 8 ). Among 954 patients enrolled, 478 and 476 were assigned to the lenvatinib group and the sorafenib group, respectively. Noninferiority in the primary OS endpoint was statistically confirmed (13.6 vs. 12.3 months; hazard ratio, 0.92 [95% CI, 0.79-1.06]). Increases in PFS, TTP, and ORR in the lenvatinib group were statistically significant ( Table 2 ) . Common adverse events of lenvatinib were hypertension, diarrhea, decreased appetite, weight loss, and fatigue, which was in good agreement with a previous study [4] .
Because this study did not consider the α-fetoprotein (AFP) level as a stratification factor, the lenvatinib group included more patients with a high AFP level ( ≥ 200 ng/mL) than the sorafenib group. After adjustment of the AFP imbalance, lenvatinib proved nominally superior to sorafenib in OS based on the post hoc analysis.
Taken together, the findings of the REFLECT trial showed that lenvatinib was statistically noninferior to sorafenib in OS and yielded statistically and clinically significant improvements in PFS, TTP, and ORR, indicating that lenvatinib is a highly promising first-line therapy for patients with unresectable HCC.
Insights into the Success of the REFLECT Trial
Several key factors might have contributed to this clinically meaningful success, the first in the past 10 years, in confirming the noninferiority of an alternative therapy to sorafenib. The REFLECT trial was the first anti-HCC trial that used a noninferiority trial design with body -AFP imbalance favoring sorafenib arm -Hepatitis C-related HCC imbalance favoring for sorafenib arm -By excluding patients with main portal vein tumor thrombus and tumor burden ≥50%, patients were relatively good prognostic population in both arms, leading to long postprogression survival (PPS) who likely received post trial treatments -OS benefit was diluted by long PPS -Good trial design Weight-based dosing (12 vs. 8 mg) Noninferiority trial design -Potent anticancer activity over sorafenib -Acceptable toxicity -Longer treatment duration due to better tolerability, especially less hand-foot-skin reaction (5.7 vs. 3.7 months) weight-based daily doses (12 or 8 mg). The GIDEON study used different doses of sorafenib according to the patients, with an initial dose of 800 mg in 45.5% of the Japanese subpopulation; however, there was no clear evidence of the efficacy of lower sorafenib dosing [16] . In the REFLECT trial, efficacy was maintained and toxicity remained within acceptable limits in all body weight categories. In particular, there were few cases of hand-foot syndrome and patients were able to sustain therapy for longer periods (5.7 months in the lenvatinib arm vs. 3.7 months in the sorafenib arm) ( Table 3 ). The antitumor activity was high, with a favorable ORR of 24%.
The AFP level and macrovascular invasion were not used as independent stratification factors, resulting in an imbalance unfavorable to the lenvatinib group, with a higher number of sorafenib-responsive hepatitis C patients [17] in the sorafenib group. This may be one of the reasons why the superiority of lenvatinib in OS was not verified. In addition, the exclusion of patients with a tumor thrombus invading the main portal trunk (Vp4) and those with tumors occupying more than 50% of the liver might have resulted in the selective recruitment of patients who were highly likely to receive post-trial treatment and consequently to have a good prognosis [18] [19] [20] [21] [22] in both treatment arms. If so, post-trial treatment may have contributed to prolonging post-progression survival in both the lenvatinib and sorafenib arms, making that the OS benefit of lenvatinib may have been diluted since the hazard ratio of OS becomes high when post-progression survival is long [23, 24] ( Table 4 ) . Stratification by AFP level was not common when the REFLECT trial was started, and indeed, none of the relevant past and ongoing clinical studies of first-line therapies include AFP among stratification factors ( Table 5 ). Furthermore, according to a report by Llovet et al. [25] , the AFP level is not a recommended factor for stratification in first-line trials ( Table 6 ). Analysis of covariance, which was performed to address the AFP imbalance, showed significant improvement in OS with lenvatinib compared to sorafenib (nominal p = 0.0342).
